Abstract-Rapid
Introduction
The rapid blowdown of a hydrocarbon fluid transport system (i.e. a compressor station or a pipeline), whether operative or accidental, is a hazardous procedure. The hazardous effects for the piping are the low temperatures generated within the fluid, causing the reduction of the wall temperature possibly below the ductile-brittle transition point of the material of construction of the pipeline (usually steel) and the propagation of pressure waves (shock waves in the worst case) impacting on the pipeline facilities. Low temperatures can also lead to the formation of hydrates if free water is present in the system. The external hazard arises because of possible large efflux and high leak rates can occur when the inventory of a large pipeline is discharged to the environment dueto a sudden rupture. In order to define the hazard relevant to the blowdown of a volume filled with hydrocarbons, a designer should calculate the time and space variations of pressure, temperature, efflux rate, fluid composition and phase. A first approach to this problem consisted in the development of a computer program called Machnet simulating compressible flows at high Mach numbers, based on a "corrected" perfect gas model and the Roe's numerical method for integration of Navier-Stokes equations (Terenzi et al., 1997 (Terenzi et al., , 2000 . Hence the thermodynamic description was referred to an ideal fluid having some correction factors (as average compressibility, isentropic factors) to take care of the real behavior. In fact in many practical applications the fluid is not a perfect gas but rather a non-ideal multicomponent dense gas mixture such as high pressure natural gas. Moreover these dense gas mixtures, during rapid transient operations, may be cooled down to the condensation limit and they further depart from the ideal scheme.
A natural gas is a multicomponent hydrocarbon mixture, for which the phase behavior can be represented by the diagram in the Fig. 1 . While for a one-component fluid the phase transition is represented by a single curve ending at the critical point, for hydrocarbon mixtures a two-phase region is bounded by the bubble points curve, arriving at the ISSN: 2349 -9362 www.internationaljournalssrg.org Page 9 critical point (T crit , P crit ), and by the dew points curve, passing through cricondentherm and cricondenbar points. Liquid is present above the bubble points curve, and gas above the dew points curve as well as at high temperatures greater than cricondentherm. A particular effect known as retrograde condensation can occur: if a thermodynamic path starting in the gas region above the dew points curve is defined by an isothermal decrease in pressure it can cross the two-phase envelope and generate liquid. 
Modeling the Flow
In the present model the flow was assumed to be homogeneous at equilibrium where the fluid properties are averaged with respect to phase mass or volume fractions. The assumption of homogeneity is justified by the high velocity of flow in pipes, where probably liquid droplets are transported by the gas core. Equilibrium conditions are present when the high velocity system is supplied by a stream having large void fraction (Chisholm, 1983; Henry and Fauske, 1971) . Infact the transport systems here considered usually contain gas only or gas with small amount of liquid ("gas-condensate" fluids). Since the fluid is treated as homogeneous, the density in the two-phase region is given by the following averaged value: (1) Where is the void fraction.The conservation of mass, momentum, and energy for unsteady one dimensional flow can be written as:
where u is the velocity, A is the pipe internal cross section, E and H are the total energy and enthalpy per unit mass, and are the source terms due to friction and thermal exchange between gas and pipe wall, given by:
Where f is the Fanning friction factor, R P the pipe internal radius, h i the internal heat transfercoefficient,T andT w the bulk gas temperature and internal pipe wall temperatures, respectively.
Constitutive Equations
In this work the Colebrook-White correlation for the friction factor covering both smooth and rough pipes was assumed (Keenan, 1946 ):
Where Re is the pipe Reynolds number based on diameter DP and is the pipe roughness.Orifices and valves are treated by simulating the variation of flow cross section nearby. The streamlines trend near these fittings consists in a convergent region before ISSN: 2349 -9362 www.internationaljournalssrg.org Page 10 them followed by a divergent jet extending for a certain length until the full section flow is reached. In this way they assume the shape of a nozzle. The total length of the divergent region LD has been identified as the length of the steady shock wave region downstream a nozzle as defined by Shapiro (1953) . The following correlation of Shapiro experimental data results:
Where M U represents the Mach number preceding shock.The orifice friction factor is defined according to the correlation between mass flow rate and pressure drop, relevant to compressible steady flow through orifices, reported by Crane (1988):
Where Y and C are the net expansion factor and the flow coefficient for square edge orifices, d 1 is the orifice diameter, U is the gas density 1 diameter upstream the orifice and p UD is the pressure drop between points 1 diameter upstream and 0.5 diameters downstream the orifice. The presence of large variations of physical quantities near the orifice location involves the use of an irregular grid with narrowing spatial steps close to high gradient regions.
A very important quantity to be defined in the thermodynamic scheme is the sound velocity, both in the one-phase and two-phase regime. The sound velocity U S for phase i is defined by the following equation (Saurel et al., 1994) :
Where the single phase isentropic coefficient is defined as a function of the heat capacities C Pi and C Vi by the following expression (Landau and Lifshitz, 1987; Saurel et al., 1994) :
For a homogeneous two-phase fluid, an equation similar to (10) is used; the definition of the relevant isentropic coefficient is referred to the expression of sound velocity in homogeneous two-phase mixtures reported by Wallis (1969):
From (10), (12) the following expression of the twophase isentropic coefficient is deducted:
The Gruneisen coefficient is used in the present method according to Liou approach (Liou et al.,1988) , by means of the following definition: (14) Where h is the specific enthalpy. Both the isentropic and the Liou coefficients can be used to give an approximate expression of the total pressure PTotal, as a function of Mach number M and static pressure P:
The above definition is used to calculate the frictional pressure drop in fittings.
Numeric Method
The numerical method used in this work is the same as the modified Roe's method described by [A. Terenzi, 2001] physical definition of the corresponding flow regions. If a pipe connecting a vessel to atmosphere is considered, the pipe inlet can be outlined through a convergent variable area region from the cell having the static vessel state to the first cell of the pipe where flow with a velocity relevant to its cross section occurs. At the pipe outlet an exit jet is located, with a generally divergent cross section passing from the last cell of the pipe to external ambient conditions. In this way the use of characteristics is avoided, and all flow regions are calculated by the same numerical method.The thermodynamic variables are calculated by linear interpolation through the phase grid relevant to a specified range of pressure and temperature. An algorithm was developed to match the requirement of the numerical method, which gives the couple (r,e)=(density, internal energy) as independent variables. Hence the standard thermodynamic tables supplied by hydrocarbon PVT codes, having (P,T) = (pressure, temperature) as independent system, must be interpolated carrying out an inversion to the (r, e ) system.
Results and Discussion
In this section some test-cases are presented, showing the calculation method capabilities when applied to realistic flow conditions expressed by experimental results or specific singled out configurations.
Northern Alberta Burst Tests
In the following a set of experimental data reported by Picard and Bishnoi (1988) They show the pressure ratio for each point of the wave (ratio between local pressure and undisturbed pressure) vs. the expansion velocity Ve, given by the difference between local sound velocity and fluid velocity. In Fig. 2 Richardson and Saville (1991). The gas in the line had the composition indicated in The external environment is sea water at 10°C, flowing around the pipe at 0.07 m/s and transferring heat through the forced convection mechanism. Hence this test-case is a representative example of all real fluid flow phenomena (real fluid EOS, friction, heat transfer). In Fig. 3 the pressure time trend at the pipe intact end and the mass flow rate trend at the pipeline rupture location are shown. Calculations have been carried out by a commercial multiphase code called OLGA2000 and by Machnet. Concerning pressure time trend, experimental data are available from Richardson and Saville (1991) , while the mass flow rate has been calculated in Richardson and Saville (1991) by using an author specific method; this last curve has been reported in Fig. 3 for comparison. It can be noticed that the experimental pressure trend is well simulated by both programs, OLGA2000 and Machnet, while the mass flow rate reported in the Richardson and Saville (1991) paper seems to be excessively high in the first transient period. OLGA2000 and Machnet agree in the prediction of this quantity, and the maximum value of mass flow rate is confirmed by solving the associated Riemann problem, considering the flow variables at the bore location.
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Orifice with High Pressure Jump
In this test-case the steady flow in a pipe with an orifice having area ratio 0.25 in an intermediate position has been analyzed. Boundaries are represented by infinite vessels at fixed pressures, while the flow is assumed adiabatic. Steady state conditions have been obtained as limit of a transient phase. The fluid is a hydrocarbon mixture having a composition indicated in Table 4 .
Component Mole Percent C1 98 C3 2 
Valve Opening and Multichocking
An actual blowdown process occurs through the opening of a valve in a finite time; the associated Riemann problem corresponding to a sudden opening is obviously idealized.A calculation is presented herebelow in which a valve is located in the first section of a venting pipe, along with an orifice. A second pipe section with a larger diameter is connected to the previous one downstream the orifice. The valve is fully opened with a velocity of 6 inch/s, giving an opening time of 1.37 s, which is very large compared with the time-scale of waves propagation in a Riemann problem. In fact the system evolution is determined by the propagation of small amplitude waves, thus at each instant the flow field seems quasi-steady. The fluid considered is the same of test-case 3. orifice, the section change between the two pipes, and the pipe outlet. The final steady mass flow rate calculated by Machnet is 98.2 kg/s, in good agreement with the value of 102 kg/s, obtained on the basis of Crane (1988) approximate methods, giving the mass flow rate through a pipe by using equations similar to (16) , taking care of the total resistance coefficient of the system.
Conclusions
A calculation method for the simulation of fast transient flow phenomena in hydrocarbon gascondensate transport systems has been presented. It is based on the application of a finite volume numerical approach, used in the past with perfect gases only, to fluids described by a real EOS. The comparison with experimental data shows that it may be considered a reliable tool for design activities, since critical conditions due to low temperatures or pressure waves propagation can be properly analyzed and quantified. The homogeneous flow assumption seems to provide a realistic simulation of fluid motion in blowdown arrangements. 
